One hour lesion By the end of an hour well marked changes were found (Dogs 58 and 32, Table I ). At the site of injection, the posterior lower edge of the right lower lobe, there was a small roughly circular slightly hemorrhagic area, 1.5 to 2.5 cm. in diameter. This area was firmer than the surrounding lung tissue, and extended from the posterior to the inferior surface. The cut surface showed a mottled appearance, somewhat darker than normal lung tissue, and was dry. The area of involvement probably corresponds quite closely to the original distribution of the injected material, since an x-ray of a normal lung into which 1 cc. of lipiodol had been injected into the same place showed a shadow of approximately analogous size. X-ray of the lesion is shown in Figure 1 .
Microscopically, there was seen under low magnification an area of infiltration 3 to 4 mm. in diameter with other smaller areas covering a zone 1 cm. across.' The infiltration, chiefly intra-alveolar in character, was most marked in the immediate vicinity of the main bronchus and its branches. It was rather irregular in distribution and consisted of starch, blood cells and edema fluid. In the center of this area the exudate was 1 The marked shrinkage which the tissues undergo in the process of embedding in paraffin would account for the difference between the fresh lesion and the microscopic slide. Pneumococci were abundant all through the lesion-lying in the starch, edema and cellular exudate. Figure 2 shows pneumococci in a starch filled alveolus. In the normal lung, extending some distance from the involved area, pneumococci were observed to be in the alveolar walls. In places they were found singly or in chains of 2 to 3 pairs (Fig. 3) . In other areas they were present in small clumps apparently growing within a small vessel at the junction of several alveoli-probably the atrial wall. Many of the alveoli were filled with edema fluid but contained no pneu- Small amounts were present in some parts of the pleura.
Three hour lesion Dogs killed three hours after injection (Table I) Microscopically, the areas of infiltration were somewhat more widespread than shown after 1 hour, but similar in distribution (Fig. 4) of polymorphonuclear leukocytes. Perivascular edema was present, and in places marked, but the massive perivascular hemorrhage seen after 1 hour was not present here in either of the dogs. Some of the larger bronchi showed pronounced peribronchial edema. The alveolar exudate in the central zone contained many more polymorphonuclear cells than at 1 hour and the bronchial exudate was made up almost entirely of polymorphonuclear cells. The alveolar walls in the infiltrated areas did not stand out sharply. However, they appeared to be intact. In many places they were thicker than normal, show-ing engorged capillaries, some edema and cellular infiltration. The surrounding lung tissue of Dog 59 which was normal showed the alveoli in general of about the usual size.
In several small areas, however, they were partially collapsed. In the depressed zone, seen on the surface of the lung of Dog 47, the alveoli w-ere of varying sizes, many open, many partly closed and some completely collapsed.
The distribution of the pneumococci w-as, in general, the same as after one hour with the difference that at three hours they w-ere found in the walls of apparently normal alveoli far from the infiltrated areas. They began to appear in the alveolar spaces only after the exudation of edema. A further change was noted. In the areas infiltrated with polymorphonuclear cells, where the pneumococci were noticeably fewer in numbers than in the less infiltrated zones, beginning phagocytosis by the polymorphonuclear leukocytes and pigment-bearing macrophages was seen.
It is of interest to note that the wrhite blood cells in the peripheral blood of Dog 47 show-ed no increase in number until the time of death, nor was there detectable invasion of the blood stream by pneumococci.
Six hour lesion tUntil the six hour period the size of the infecting dose, which varied from 0.04 cc. to 0.5 cc., appeared to have little effect on the character of the lesion. At this time, however, a marked difference between the extent of the lesions initiated by large and small doses was observed. This consisted principally in much more pronounced zones of edema surrounding the primary lesions of the animals receiving the larger quantities of culture, and wNas best demonstrated by x-ray of the excised lung. Two dogs receiving infecting doses of 0.04 and 0.05 cc. showed a shadow only 0.5 to 1 cm. greater in diameter than the consolidated macroscopic lesion (Fig. 5 ). On the other hand, the dogs given 0.25 cc. to 0.5 cc. pneumococcus culture showed edema of the major portion or the entire lobe surrounding a relatively small area of consolidation (Fig. 6) . The Figure 9 resembles quite closely that of Dog IA (Fig. 8) . The architecture of the lung in the experimental lesion w-as, on the whole, well preserved. Here and there the w-alls of alveoli were FI(;. 6 . Do(o IA. X-RAY OF EXXCIEI) ILUNGTS Dog killed 6 hoturs after injection of 0.5 cc. pne nmococcus TIpe I cultture. \White semicircle indicates area of macroscopic conisolidation. Shadow coIm1-prising the remainder of the lobe is due to edemla. I)ifference between Dogs 1A and 43B in extenit of edema appears to be related to siue of infectinlg dose. ruptured by edema. Scattered through the section were numerous lacunae. In Dogs 18A and 48B there was partial collapse of the alveoli in places beyond the zone of edema w hich was non much wider than wras observed at three hours. The capillaries were everywThere more dilated and contained a much larger percentage of polymorphonuclear leukocytes than was observed previously (Fig. 10) . The increased thickness of the alveolar wN-alls appeared to be due to distention of the blood vessels rather than to edema or cellular infiltration into their substance, although interstitial infiltration was noticed in places. The Table I ) the greater part of the initially infected lobe was consolidated, and the disease had spread to adjacent lobes and the hilum of the opposite side. X-rays of the excised lungs of these animals, not only showed opacities larger in extent than the macroscopic areas of consolidation, but also revealed infiltration in lobes which appeared normal to the eye, indicating the widespread distribution of edema at this stage. The third dog, 13A, infected with pneumococcus Type II, showed a much smaller lesion, confined entirely to one lobe. By this time fine strands of fibrin began to appear on the pleura over the consolidated areas. On the cut surface the oldest part of the lesion appeared brownish red, slightly granular and only The lymph gland at the hilum of the affected lobe was swollen and edematous. Microscopically, the lesion was seen to be more nearly continuous than at six hours. Many fields under low magnification showed no lacunae. The perivascular edema was still pronounced, and the peri- two were seen within the leukocytes (Fig. 12) . Nearer the area of intense cellular infiltration the pneumococci were fewer in number, more and more were within the leukocytes, and in the oldest part of the lesion the microorganisms were relatively rare and practically entirely intracellular (Fig.  13) of twelve hours. Pneumococci were present in the blood of both dogs, 13D and 18D (Table I) .
Twenty-four hour lesion After twenty-four hours the lesion had usually occupied one entire lobe, and sometimes had spread to other lobes. The more extensive involvement was likely to be found in animals receiving larger infecting doses. In four of the seven dogs killed after twenty-four hours (Table I) Pneumococci few in number and almost entirely intra-cellular. X 1240.
spreading over the surface of the consolidated lung in all instances. The pleural cavities were dry. Frequently the margin of the advancing consolidation was very sharp. Figure 14 shows the lesion at twenty-four hours in a lung which has been perfused with salt solution to bring out the contrast between the involved and uninvolved portion of the lobe. A small patch of early consolidation is seen in the mid portion of the left upper lobe. When infection was initiated in the right lower lobe there was almost always a small area of air-containing tissue 1 to 2 cm. in diameter at the upper posterior tip of the lobe. Definite histological differences between the evenly consolidated and the unevenly or irregularly infiltrated lungs w-ere observed. A sectionl taken through the length of a firmly consolidated lung showed a practically continuous inflammatory exudate (Fig. 15) edge. The alveoli were evenly filled and frequently distended xxwith cells. Here and there, perhaps on every two or three low power fields, were seen small groups of alveoli containing edema wxith fewx or no cells (Fig. 16) . The alveolar wNalls were well marked but the capillaries less dilated than at tw%-elve hours. In several small areas, chiefly at the periphery of the oldest part of the lesion (I)og 41B) Role played by starch With a view to determining what part starch might play in creating conditions favorable for the inception of the disease, a number of dogs were injected with 1 cc. of sterile starch. Some of these animals were killed at intervals of from one hour to forty-eight hours; others were kept under observation to determine fluctuations in temperature and white blood cell counts and for evidence of lung opacities by x-ray. Smears and cultures of the lesion were made to exclude bacterial contamination.
In the one hour lesion very little reaction was observed. The only definite evidence of irritation was slight occasional perivascular and peribronchial edema. The alveoli filled with starch were free from cells. By the end of six hours a well marked inflammatory lesion had occurred, similar in many respects to the six hour lesion produced by the smaller doses of pneumococci. It differed from the pneumococcus lesion, however, in several respects. First, the intra-alveolar cellular exudate was much more hemorrhagic in character, the lung architecture was not as well marked, and the zone of edema surrounding the well infiltrated area was narrower. The other changes, such as perivascular and peribronchial edema, polymorphonuclear leukocytic exudation, deposition of fibrin, etc., were all found, though they were less marked.
The lesion caused by starch did not show progressive growth in size, since animals sacrificed at 20 and 48 hours respectively revealed small liver-colored nodules 1 to 2 cm. in diameter at the site of injection, surrounded by normal lung tissue. At the end of 20 hours a well marked macrophagic reaction was evident and the alveoli were clearing.
The foregoing findings indicate that starch of itself will produce a localized inflammation of the lung, which, however, does not spread and which does not produce a detectable constitutional reaction.
Part played by atelectasis On account of the prominent role recently assigned by Coryllos and Birnbaum (3), Henderson et al. (4) and others, to pulmonary atelectasis as an etiological factor in the inception of lobar pneumonia, particular attention has been paid to this matter in the foregoing study. Data for the determination of the presence of atelectasis were obtained from several sources; first, the position of the heart and diaphragmatic shadows in the x-ray; second, direct observation of the lungs of animals killed or dying at different times during the disease; third, microscopical examination of the lung tissue.
A study of the x-rays, as described in Paper I of this series (2) showed a displacement of the heart shadow toward the affected side, or elevation of the diaphragm, in less than half the experimentally infected dogs. The degree of displacement of the heart shadow appeared to depend largely on EXPERIMIIENTAI, PNEUNMONIA: PATIIOGENESIS the nature and rate of the pulmonary involvement. With a well localized and slowly spreading lesion there was either no detectable shift or only a slight one. WVhen the pulmonary process spread rapidly, a marked displacement of the heart shadow to the affected side occurred. Resolution was also accompanied by a movement of the heart to that side. The reason for the displacement of the heart in these instances w-as apparent at autopsy, since the irregularly consolidated or resolxving lung w-as smaller than normal. The uniformly consolidated lung, howxever, w-as of approximately the same size, or only a trifle smaller, than the normally inflated one. The slight displacement of the heart and diaphragm, seen under these conditions, can be accounted for by fixation in the size of the lung due to lack of aeration, and the increased elastic tension which Van Allen and Wu (5) demonstrated as occurring in the experimental pneumonic lung.
In dogs killed three to six hours after the infecting dose, definite evidence of partial alveolar collapse, in the form of a narrow zone of depressed surface surrounding the initially infiltrated ar-ea, w-as occasionally found.
Microscopic examination of this part of the lung showed partially or completely collapsed alxveoli. Dissection of the bronchi, leading to these areas, failed to reveal obstruction of their lumina. In the twelve hour lesion this appearance wtas not observed. At this time the alveoli at andl beyond the margin of the spreading process xvere open, containing air or edema fluid. Later lesions either primary or secondary showred the same picture. Mucous plugs wTere found only fair-ly late in the disease in the bronchi of lobes showing gray hepatization or resolution.
DISCUSSION
The foregoing description of the series of changes observed during the development of the characteristic lesion of experimental lobar pneumonia in the dog provides a basis for certain assumptions concerning the mechanism of the initiationi and propagation of this pathological process. Judging by the experiences of others, and our own, it would seem that implantation of the pneumococci within the alveoli is, if not essential, at least very important for the inception of pneumococcus infection in the lung of the dog. It is well known that foreign material is rapidly expelled from the normal lung as long as it is external to the ductus alveolaris.
Once it passes through the bottle-neck of the ductus into the sacculus, elimination is much slower. The usefulness of starch versus a less viscus fluid is apparent in this regard. The starch-broth medium serves another purpose, namely that of providing a highly favorable environment for the multiplication of the implanted pneumococci. Immediately following the introduction of the pneumococcus-starch suspension into a terminal bronchus, and the surrounding primary anatomical units,4 a 4The anatomical classification of Win. Sinow AMiller (6) is used in this study. series of reactions indicative of local injury occur. These consist of local engorgement of the blood vessels, capillary hemorrhage into the alveoli, with destruction of the architecture in places, exudation of fluid both into the alveolar spaces and the perivascular and peribronchial tissues and the mobilization of polymorphonuclear leukocytes. What part the presence of growing pneumococci play in the production of these early pathological changes is not clear since starch alone will cause the same type of reaction, though less extensive, and it may well be that the preliminary local injury to the pulmonary tissue is an important factor in the initiation of the pneumococcus lesion.
The lesion spreads in a fairly regular manner. Around its periphery is a zone of alveoli filled with fluid. After a certain period polymorphonuclear leukocytes and red blood cells begin to appear in the exuded fluid and the cellular exudation proceeds until the alveoli are filled with cells and evenly distended. The edema does not become marked until the six hour period, at which time the spread of the lesion becomes accelerated. This picture of the mode of extension of the process in the dog appears to be identical with that described by Loeschcke (7) as occurring in lobar pneumonia in man.5 The early experimental lesion is of lobular distribution and may be termed a bronchopneumonia, since it is initiated in the lung tissue surrounding the terminal bronchi into which the pneumococci are injected. However, as the lesion grows this relationship to the bronchi no longer maintains. Lobules or contiguous groups of lobules become involved, and in the lesions produced by the usual non-lethal dose, the lobular picture disappears rapidly as the exudate becomes widespread and assumes a cellular character. On the other hand, following large fatal doses, and also in animals where depression from the preliminary morphine injection is prolonged, the lobular type of lesion may persist. The histological picture of early lobar pneumonia in man cited above, gives one much the same impression of a lobular distribution of the cellular exudate, but when compared with the early lesions in dogs, shows a greater area of the lobe in more or less the same stage of consolidation. Study of secondary foci in other lobes of the dog's lung shows that they progress through the same sequences of changes as described above.
Within a relatively brief period (one hour) after the implantation of the pneumococci, the organisms are observed to be migrating in all directions away from their primary locus. The route appears to be prin-I The primary edema reaction to pneumococcus infection has been observed also by Permar (8) in experimental pneumonias of the lungs of rabbits and more recently by Rhoads and Goodner (9) in dermal pneumococcus infection of the rabbit. These last authors found that a marked edema of the tissues preceded cellular exudation and concluded that the spread of the edema fluid was the principal agent in the dispersion of the pneumococci through the tissues.
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EXPERIMENTAL PNEUMONIA: PATHOGENESIS cipally by way of the lymphatics and capillaries.6 At first the presence of pneumococci in the parenchyma does not seem to cause much disturbance. After a few hours, however, the alveolar septa become thickened, due, for the most part, to engorgement of the capillaries, but also, to a certain extent, to edema and cellular exudation. Blake and Cecil (10) observed this early migration of pneumococci through the interstitial tissues of monkeys with experimental lobar pneumonia, but in contrast to the picture in the dog, they found marked and widespread inflammation of the parenchyma of the lung in the invaded zone.
The manner in which the pneumococci are transported, after the first few hours, is not clear. At twelve hours great numbers of microorganisms are visible in the alveoli filled with fluid, but relatively few appear to be in the alveolar walls. It seems not impossible that they may be carried into adjacent lobules also in the edema fluid, by way of the smaller air passages. The fact that pneumococci were so infrequently seen in the six hour lesion, at which time the zone of edema became much greater, suggests that they are dispersed in this way.7 However, there still remains the question as to the cause of exudation of fluid into the alveolar spaces. Does it depend on the presence of pneumococci in the alveolar walls causing irritation and dilation of the lymphatics and capillaries, or is this effect produced by toxic products of the pneumococcus? The observation that sterile starch will cause this same picture in the neighborhood of the injected mass indicates the possibility of endothelial injury occurring at some distance from the growing pneumococci. According to Loeschcke (7) much of the spread of edema in the early lesion of lobar pneumonia in man is by way of the small air passages, and also through the interalveolar pores of Kohn.
The picture of the distribution of pneumococci in the twelve hour lesion as shown in Figures 11, 12 and 13 suggests an explanation of the very puzzling question as to how pneumococci can propagate in the lung of an animal whose blood possesses marked pneumococcidal properties. Previous studies have demonstrated that the power of the blood to kill pneumococci depends on opsonization, phagocytosis and intracellular digestion (1 1).8 Furthermore, the opsonic effect is dependent on a quantitative relationship between the concentration of opsonins in the 6 The inference that pneumococci are spread by way of the capillaries may be questioned as lacking adequate evidence. It is only because pneumococci are seen in the alveolar walls, which according to Wim. S. Miller (6) do not contain lymphatics, that this assumption is made. The authors know of no way of distinguishing lymphatics from partially collapsed capillaries. 7Loeschcke (7) believes that this is the chief method by which pneumococci are spread in the human lesion. 8 The blood serum of the dog as well as that of other animals has no growthinhibiting effect but on the contrary provides an excellent medium for the multiplication of pneumococci. serum and the number of pneumococci present. Increasing the number of pneumococci beyond a certain optimum ratio of microorganisms to serum, results in a diminution or disappearance of the opsonic effect. The number of pneumococci observed in some alveoli in Figure 11 would appear to be much in excess of that found to be appropriate for demonstrating the optimum opsonic effect of dog's serum in vitro. A certain interval of time is also necessary for the full action of the serum. During this period the pneumococci in the edema (opsonizing fluid) are increasing in numbers. A second time factor is introduced by the interval required for the arrival of leukocytes in the alveolar spaces. It seems likely, both from a theoretical viewpoint and from the picture shown in Figure 12 that the first leukocytes to arrive do not find all the pneumococci adequately prepared for phagocytosis since engulfment is not very active at this stage. Later when the polymorphonuclear leukocytes have arrived in large numbers, with presumably more opsonizing fluid, the pneumococci are found almost entirely within the phagocyting cells (Fig. 13) . Meanwhile this cycle is being repeated at the periphery of the lesion. Whether the much diminished number of pneumococci, observed in the intensely consolidated area, is due entirely to phagocytosis and intracellular digestion we do not know.
The constant presence of pneumococci in the vessels of the parenchyma, observed early in the evolution of the lesion of experimental lobar pneumonia, would account for the frequent finding of bacteremia at the beginning of the disease. Considering the degree of intravascular invasion it is surprising that pneumococci were not recovered from the blood stream in every instance. In a series of observations on dogs, infected with small doses of pneumococci and allowed to survive (not included in Table I ), blood cultures, taken at short intervals during the first few hours of the disease, were.mostly negative. However, a dog showing an early positive culture might show successive negative cultures or vice versa. The number of bacteria recovered was usually 1 to 5 per cc. of blood. These findings together with the histological picture would suggest that there is probably a constant escape of pneumococci from the lungs in the early phases of the disease, and that the irregularity with which they are detected by blood culture is due to their effective removal by the phagocytic cells of the reticulo-endothelial system in the regional lymph nodes, liver, spleen, etc.
SUMMARY
In order to study the evolution of the lesion of experimental pneumococcus lobar pneumonia in the dog, a series of animals were killed at intervals of one to twenty-four hours following the initiation of the infection. Within one hour after implanting pneumococci suspended in a starch broth medium into a terminal bronchus, a definite local inflam-matory reaction had occurred. This consisted of a central area of cellular infiltration, hemorrhagic and exudative in character, surrounded by a zone of alveoli filled Nith edema fluid in some parts, and starch in others, and accompanied by engorgement of the blood vessels, the larger of which showed perivascular edema. WNith the lapse of time the lesion showed progressive growth, extending radially from the initial focus. This process Nas characterized by an advancing zone of edema-filled alveoli which in turn were gradually invaded by polymorphonuclear leukocytes and red blood cells until they were filled and distended by the exuded cells. Inflammation of the interalveolar septa w-as an inconspicuous feature although peribronchial and perivascular edema wNas marked. The pathological lesion wras at first definitely lobular or circumbronchial in distribution but after a few hours lost its association with the bronchi and became a continuous area principally of intra-alveolar cellular exudate. By the end of six to twelve hours the oldest portion of the lesion began to suggest the mosaic appearance of the human lung in lobar pneumonia. Within twenty-four hours, usually, a x-hole lobe was consolidated and, at times, spreads to other lobes had occurred.
Dispersion of the pneumococci within the first few hours appeared to take place principally through the lung parenchyma since these bacteria were observed in considerable numbers in the w-alls of alveoli which appeared normal and lay beyond the margin of the zone of edema. Later in the process the character of their distribution suggested that the pneumococci Nere also carried by the edema fluid through the smaller air passages. Marked regional differences in the distribution of the microorganisms were observed. At the periphery of the lesion the pneumococci were present in great numbers lying free in the edema-filled alveoli. In the immediate underlying zone of cellular exudate they were fewer in number, and lay partly within the polymorphonuclear leukocytes, Nx hile in the oldest part of the lesion, shoNwing intense cellular infiltration, relatively few pneumococci were seen, and these were practically entirely intracellular. On the basis of these observations certain inferences were drawn concerning the propagation of pneumococcus infection in the lung of the dog.
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